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Abstract: The influence of the intensity of interaction between oil pollutants and ground
waters in alluvial sediments on the effect of microbial activity was investigated in this
work. The study was based on a comparison of detailed analyses of two fractions of an
oil pollutant originating from a Danube alluvial formation near the Pan~evo Oil Refin-
ery: fraction 1, separated from the aqueous layer by decantation, presumed to have been
in less intensive interaction with water, and fraction 2, isolated from the aqueous emul-
sion by extraction with chloroform, presumed to have been in stronger interaction with
water. Both fractions were shown to originate from the same type of oil pollutant. Never-
theless, significant compositional differences between the two fractions were observed.
A significantly pronounced domination of even carbon number homologues of C18–C24
n-alkanes in fraction 2, atypical for crude oil pollutants, compared to the corresponding
distribution observed in fraction 1, suggested a more intense activity, i.e., a much better
effect of microorganisms in direct contact with the oil pollutant within the aqueous envi-
ronment. The identification of even carbon number C14–C18 n-alcohols and C14–C18
fatty acids, as well as cholesterol, in fraction 2, suggested that microorganisms of the al-
gal type in non-photosynthetic conditions were most probably responsible for the men-
tioned microbial processes.
Keywords: oil pollutants, alluvial ground waters, microbial activity, n-alkanes, n-alcohols,
cholesterol, fatty acids.
INTRODUCTION
According to organic geochemical investigations, the composition of a crude oil de-
pends on the composition and type of the organic source material, the depositional envi-
ronment, thermal maturity, migration pathway and microbial degradation in reservoir
rocks.1–3 The latter was shown to occur only in the presence of water. On the other hand,
investigations of the fate of oil pollutants in the environment (soil or alluvial sediment plus
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ground water) have also shown that microorganisms have a significant influence on the
composition of the pollutant. In both cases n-alkanes, the dominant components of petro-
leum, are preferentially removed by bacterial degradation.4–8 However, decomposition of
oil in a reservoir rock occurs within geological time (millions of years), in contrast to the
decomposition of oil polutants in the environment which occurs within a relatively short
time (several months to several years).
It was shown that non-photosynthetic-nutritional, unicellular, sporulating algae –
Pyrrophyta, sometimes called “fire algae”,9 and many other types of dinoflagellates use
crude oil hydrocarbons in oil polluted ground waters as a source of carbon, and degrade
them by the process of -oxidation. On the other hand, they possess the ability to
biosynthesise even carbon number n-alkane, especially in the range C14–C28.10,11 These
algae accumulate n-alkanes in the form of lipid inclusions, often called “oil drops”.12–15
The influence of the intensity of interaction between the oil pollutant and ground wa-
ters on the effect of microbial activity under non-photosynthetic conditions was investi-
gated in this work. The study was based on a comparison, by detailed analysis, of two frac-
tions of an oil pollutant: fraction 1, separated from the aqueous layer by decantation, and
fraction 2, isolated from the residual aqueous emulsion by extraction. The decanted frac-
tion was presumed to have been in weaker interaction with ground waters compared to the
extracted fraction. Hence, a comparison of their chemical compositions was expected to
contribute to the evaluation of the influence of the intensity of interaction between the oil
pollutant and the ground waters on the effect of microbial activity under non-pho-
tosynthetic conditions.
Detailed analysis of steranes and triterpanes was performed to serve as a basis for
checking the common source of both pollutant fractions. On the other hand, the isolation
and analysis of alcohols, fatty acids and cholesterol was aimed at indicating the type of mi-
croorganisms supposed to be responsible for microbial attack on the oil pollutant.
EXPERIMENTAL
Samples
The sample of ground water (alluvial formation of the River Danube) severely contaminated by an oil
pollutant was taken from a piezometer within the Pan~evo Oil Refinery (Serbia). The sampling depth was
about 3 m, corresponding to the depth of ground water – sediment contact surface. The sample was taken into
a 1 L bottle in February 2000.
Analytical methods
The upper layer of lower density, marked fraction 1, was separated from the oil polluted sample of
ground water by decantation. Fraction 2 of the pollutant was extracted from the remaining aqueous phase in a
separatory funnel, using chloroform as the solvent.
The bulk composition (contents of alkanes, aromatics and NSO-ompounds) and the distribution of
polycyclic alkanes of the sterane and triterpane types in both fractions were determined according to the scheme
given in Fig. 1a. n-Alkanes, alcohols and fatty acids were analyzed according to the scheme given in Fig. 1b.
The bulk composition was determined by column chromatography (adsorbents: silica gel and alumina).
The saturated hydrocarbons were eluted with petroleum ether and the aromatic hydrocarbons with a petro-
leum ether/benzene mixture (2:1). The proportion of NSO-compounds was determined by difference.
Polycyclic alkanes of the sterane and triterpane types were analyzed by gas chromatography with a
mass selective detector (GC-MSD) using the single ion monitoring (SIM) method. The steranes were identi-
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fied from m/z 217 and the triterpanes from m/z 191 ion chromatograms. A Hewlett Packard 5990, Series II,
gas chromatograph fitted with a HP-5MS fused silica capillary column (temperature range: 40 – 300 ºC; heat-
ing rate: 15 ºC/min in the 40–160 ºC, and 4 ºC/min in the 160–300 ºC range) with helium as the carrier gas
(flow rate 1 cm3/min) was used. The GC was coupled to a Hewlett-Packard 5972 MSD operated at 70 eV in
the 45–500 scan range.
Additional analyses of fractions 1 and 2 were carried out in order to isolate alcohols and fatty acids (Fig.
1b). The samples were saponified with 5 % solution of KOH in methanol, and neutralized (after standing
overnight) with 10 % hydrochloric acid. The products were dissolved in a mixture of dichloromethane (con-
taining 1 % methanol) and iso-hexane (1:40), and fractionated by column chromatography using alumina and
silica gel as adsorbents. The saturated hydrocarbon fraction was eluted with iso-hexane, the aromatic fraction
with dichloromethane, the third, alcohol fraction, with a mixture of dichloromethane and methanol (1:1), and
the fourth, fatty acid fraction, with a 5 % sulphuric acid solution in methanol. The fourth fraction was addi-
tionally treated with a 20 % aqueous solution of sodium chloride and iso-hexane, in order to isolate the organic
compounds. n-Alkanes in the hydrocarbon fractions were analyzed by GC-MSD (TIC). Alcohols and fatty
acids were analyzed by gas chromatography-mass spectrometry (GC-MS). The fatty acids were quantified as
methyl-esters formed during elution. A Hewlett Packard 6890 gas chromatograph was used, equipped with a
Gerstel Cold Injection System, CIS 3, and a column splitter leading to two capillary columns coated with
DB-5MS. Helium was used as the carrier gas (flow rate 1.3 cm3/min). One column was connected with a
flame ionisation detector (FID), and the other was coupled to a Finnigan MAT 95 S mass spectrometer (mass
resolution R = 1500). The relevant peaks in the chromatograms were identified on the basis of the total mass
spectra, compared with a mass spectra data base (Wiley 6th Ed.).
RESULTS AND DISCUSSION
The bulk compositions of fractions 1 and 2 are shown in Table I.
While it is generally necessary to analyse a sedimentary organic matter thoroughly and,
according to its composition, estimate whether it is native or pollutants, the large quantity of
organic matter in the aluvial sediment sample investigated in this paper was practical proof of
its anthropogenic origin. The bulk compositions of fractions 1 and 2, i.e., the characteristic
domination of saturated hydrocarbons over aromatics and NSO-compounds, clearly con-
firmed such a conclusion.
OIL POLLUTANTS IN SEDIMENTS 229
Fig. 1. Analytical procedure.
TABLE I. Bulk composition of fraction 1 and fraction 2
Sample Content of organic matter Alkanes/% Aromatics/% NSO-compounds/%
Fraction 1 Decanted oil 40.6 28.0 31.4
Fraction 2 60 mg/L (relative to aqueous layer) 48.3 23.2 28.5
Athorough analysis of both fractions, particularly of the n-alkanes, was planned in or-
der to estimate the influence of the intensity of interaction of the oil pollutant with ground
water on the microbial activity under non-photosynthetic conditions. However, a prerequi-
site for such a study was to determine whether the two fractions did originate from the
same type of oil pollutant. This was done by comparing the sterane and triterpane analyses.
Steranes and triterpanes
The observed sterane and triterpane distributions in both samples were typical for oils
(Fig. 2). For example, in the case of the steranes, besides biolipid, C27–C29  (20R) iso-
mers (peaks 2, 3 and 6), geolipid isomers, such as diasteranes, as well as C27–C29 steranes
with the hydrogen atoms at C14 and C17 in the -position and S-configurations at C20 (e.g.,
peaks 1, 4 and 5), were observed. As far as the triterpanes are concerned, besides oleanane
and gammacerane (O and G, Fig. 2), the thermodynamically most stable hopanes (e.g.,
peaks a, c and e, isomer 22S) and their less stable isomers (e.g., peaks b, d and e, isomer
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Fig. 2. Ion chromatograms of steranes (m/z 217) and triterpanes (m/z 191) of the alkane fractions isolated
from fraction 1 and fraction 2. 1 – C27–13(H), 17(H) diasterane (20S); 2 – C27–C14(H), 17(H) sterane
(20R); 3 – C28–14(H), 17(H) sterane (20R); 4 – C29–14(H), 17(H) sterane (20S); 5 – C29–14(H),
17(H) sterane (20R); 6 – C29–14(H), 17(H) sterane (20R); a – C27–18(H)-22,29,30-trisnorhopane
(Ts); b – C27–17(H)-22,29,30–trisnorhopane (Tm); c – C30–17(H), 21(H) hopane; d – C30–17(H),
21(H) moretane; e – C31–17(H), 21(H) homohopanes (22S and 22R); O – oleanane; G – gammacerane;
x – unidentified peak. (Identification of the corresponding peaks was discussed in previous papers).16
22R), were observed in ratios characteristic for oils.
The identical distributions of steranes and triterpanes in fractions 1 and 2 confirmed
the same type of oil pollutant to be the precursor of both samples. This observation justified
detailed comparative analysis of the n-alkanes in both samples.
n-Alkanes
The gas chromatogram of the alkane fraction isolated from sample 1 (Fig. 3a) was
characterized by a pronounced domination of isoprenoid aliphatic alkanes, pristane (Pr)
and phytane (Phyt). The peaks originating from n-alkanes were substantially smaller. Such
a proportion of n-alkanes relative to isoprenoids is a distinctive feature of oils that had been
exposed to microbial degradation of minimal to moderate intensity. However, it was debat-
able whether the investigated ground water was contaminated with oil that had been previ-
ously biodegraded in its reservoir rock or the process of microbial degradation had taken
place in the alluvial formation.
The gas chromatogram of alkane fraction isolated from sample 2 (Fig. 3b) was also
characterized by a domination of the isoprenoids, pristane and phytane but, in addition to
this, peaks originating from C18–C24 even-carbon number homologues of n-alkanes (in
contrast to odd carbon number homologues) were atypically outstanding. Hence, clear dif-
ferences were suggested between the distributions of n-alkanes in fractions 1 and 2 (Fig. 3).
It was presumed that this difference resulted from different intensities of microbial ac-
tivity to which fractions 1 and 2 of the oil pollutant had been exposed. Therefore, the alco-
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Fig. 3. Gas chromatograms of the saturated hydrocarbon fractions isolated from the oil polluted water sam-
ple (fraction 1 and fraction 2). Pr-pristane; Phyt-phytane.
hols and fatty acids in both fractions were analyzed in order to explain the source of the
dominance of even carbon number n-alkanes.
Alcohols and fatty acids
Distribution of alcohols and fatty acids isolated from fractions 1 and 2 are shown in
Fig. 4.
Distinct differences between fractions 1 and 2 were observed in the composition of al-
cohols and fatty acids. The chromatogram of fraction 2 alcohols is dominated by even car-
bon number n-alcohols (C14–C20; Fig. 4). Furthermore, the cholesterol peak was also pro-
nounced. On the other hand, n-alcohols were not observed in noticeable amounts in frac-
tion 1 and the cholesterol peak was less expressed. Likewise, the fatty acids isolated from
fraction 2 were dominated by even carbon number homologues of n-fatty acids (C14–C18).
In fraction 1 these fatty acids were observed only in minor concentrations (Fig. 4).
Hence, in addition to the even carbon number n-alkane dominance, fraction 2 differed
from fraction 1 by the presence of even carbon number n-alcohols (C14–C20), a higher pro-
portion of cholesterol and a higher content of even carbon number n-fatty acids (C14–C18).
The identified acids and alcohols are known to be characteristic of procaryotic microorgan-
isms (bacteria) as well as eucaryotic microorganisms – algae.11 However, cholesterol,
which was more pronounced in fraction 2 than in fraction 1, is not typical for bacteria. This
fact suggests that algae (e.g., the mentioned dinoflagellates – Pyrrophyta) might be respon-
sible for the transformation of the pollutant n-alkanes into dominant even carbon number
n-alkanes, as well as the appearance of the other microbial degradation products observed
in the investigated ground water.
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Fig. 4. Chromatograms of GC-MS analyses of alcohols and fatty acids isolated from fractions 1 and 2.
X – unidentifies peak.
CONCLUSIONS
Two fractions of a piezometer oil pollutant sample (from an alluvial sediment near the
Pan~evo Oil Rafinery), i.e., fraction 1, obtained by decantation of the oil layer, and fraction
2, representing the extract from the residual aqueous layer, were analyzed in detail in study,
with the aim of estimating the influence of the intensity of their contact with ground water
on the effect of microorganisms. Both fractions were shown to originate from the same
type of pollutant.
A more pronounced domination of even carbon number homologues of C18–C24
n-alkanes, as well as a higher amount of other metabolites in fraction 2 suggested a more
intense activity of microorganisms in direct contact with the oil pollutant in the aqueous en-
vironment. Identification of even carbon number n-alcohols and fatty acids, as well as cho-
lesterol, in fraction 2, indicated that microorganisms of the algal type under non-pho-
tosynthetic conditions were most probably responsible for the microbial attack on the oil
pollutant. The relatively low concentration of metabolites observed in the aqueous layer
suggests the latter processes were rather restricted, probably partly due to a limited contact
of oil pollutant with the ground water, resulting, among other factors, from the lack of tur-
bulence in this type of sediment.
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IZVOD
NAFTNIZAGA\IVA^IUALUVIJALNIMSEDIMENTIMA –UTICAJ
INTENZITETAKONTAKTASAPODZEMNIMVODAMANADEJSTVO
MIKROORGANIZAMA
TATJANA[OLEVI]1,2, BRANIMIR JOVAN^I]EVI]1,2,MIROSLAVVRVI]1,2 i
HERMANN WEHNER3
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Procewivan je uticaj intenziteta interakcije izme|u naftnog zaga|iva~a i podzemne
vode aluvijalne formacije na intenzitet mikrobiolo{kog dejstva. U tom ciqu pore|eni su
sastavi dve frakcije naftnog zaga|iva~a iz jednog pijezometra (krug Rafinerije nafte
Pan~evo, aluvijalna formacija reke Dunav): frakcije 1, odvojene od vode dekantovawem
(slabija interakcija sa vodom) ifrakcije 2, izdvojene iz vode ekstrakcijom (ja~a interakci-
ja sa vodom). Dokazano je da obe frakcije vode poreklo od istog naftnog zaga|iva~a. Znatno
ve}a obilnost normalnih alkana sa izrazitom dominacijom parnih homologa (C18–C24) u
frakciji 2 nego u frakciji 1 ukazuje na intenzivniju aktivnost mikroorganizama u vodenoj
sredini. Alkoholi normalnog niza sa parnim brojem ugqenikovih atoma (C14–C20), ho-
lesterol i masne kiseline normalnog niza sa parnim brojem ugqenikovih atoma (C14–C18) u
frakciji 2 dokaz su da su za mikrobilo{ku aktivnost u nefotosinteti~kim uslovima
odgovorni mikroorganizmi algalnog tipa.
(Primqeno 4. oktobra, revidirano 3. novembra 2002)
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